I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Tobacco growing in the field or in an uncured state is called "green tobacco." This is toxic when in prolonged direct contact with the skin. Workers engaged in tobacco cultivation suffer from an occupational illness known as "green tobacco sickness" (GTS). The illness was first reported among tobacco workers in Florida, in 1970, as "cropper sickness." Later, it was found to be caused by the absorption of nicotine from wet tobacco plants and reported as GTS.\[[@ref1]\] GTS is an acute form of nicotine toxicity and usually occurs several hours after continuous exposure to green tobacco leaves. It is a sickness that is not well documented and is often underreported because many of those who experience GTS are not able to interpret their ailment or its cause.\[[@ref2]\]

Etiology {#sec2-1}
--------

The etiology is not clear, but according to Gehlbach *et al*.\[[@ref3]\] (1974, 1975), it is caused by the absorption of nicotine through the skin while the workers are engaged in handling the uncured tobacco leaves. Nicotine, found in tobacco plants, is soluble in water, causing it to be drawn out onto the surface of the leaves by rain, dew, or perspiration. From there, the nicotine is absorbed through the skin, where it passes directly into the bloodstream and is distributed throughout the body. The nicotine alters part of the brain, causing reflex vomiting, and excites nerves in the gastrointestinal tract that bring about nausea and abdominal cramping. Physical exercise and high ambient temperatures can increase absorption of nicotine.\[[@ref4]\] Some risk factors identified for GTS are age, environmental conditions, personal tobacco use, and type of labor performed. It was observed that older workers were less likely to develop GTS, possibly because younger workers who are sensitive to nicotine leave the workforce. Workers that used tobacco products were less likely to suffer from GTS because of tolerance to the effects of nicotine. Laborers working in hot, wet conditions are more likely to develop GTS because the wetness and high humidity causes nicotine to reside on the surfaces of the leaves, while the high ambient temperature increases skin absorption, thereby increasing plasma nicotine concentrations by 30--45%.\[[@ref5][@ref6]\] The combination of high ambient temperatures and hard physical labor shunts blood to the skin to help lower body temperature. The resultant increase in surface blood flow also significantly increases dermal absorption of nicotine. Some tasks involved in growing tobacco leave workers at a greater risk of developing GTS. Harvesting tobacco involves the most risk, followed by barning. If harvesting is done by hand, the workers hold cut leaves close to their body, where the nicotine-laden sap oozing from the severed stems soaks their clothing, allowing the nicotine to reside on their skin for long periods of time.

Symptoms {#sec2-2}
--------

The symptoms include nausea, vomiting, pallor, dizziness, headaches, increased perspiration, chills, abdominal pain, diarrhea, and increased salivation,\[[@ref3][@ref7][@ref8][@ref9][@ref10]\] prostration, and weakness, depending on the exposure, but are of short duration. These symptoms can be conveniently referred to as neurological complaints. Other symptoms like a cough with or without expectoration and breathlessness are regarded as respiratory complaints,\[[@ref1][@ref2][@ref3][@ref8][@ref9][@ref10]\] and occasional reduction in blood pressure or heart rate.\[[@ref11]\] Among those susceptible, the average length of the illness, with treatment, is between 1 and 3 days (median = 2.4 days).\[[@ref8][@ref9][@ref10][@ref11][@ref12]\]

Symptoms of GTS are similar to those induced by pesticide exposure or heat exhaustion, and to nicotine intoxication experienced by novice smokers. Thus, GTS may be misdiagnosed by practitioners unfamiliar with this condition.\[[@ref3][@ref8][@ref9]\] Although GTS has not been associated with mortality or long-term morbidity, it causes significant discomfort and lost productivity among tobacco workers.\[[@ref3][@ref9]\]

Some of the symptoms of GTS are similar to those of organophosphate poisoning and heat exhaustion. However, many of the symptoms of organophosphate poisoning (including increased lacrimation, pulmonary edema, and miosis) have not been associated with GTS.\[[@ref13]\] The possibility that GTS symptoms are due to pesticide poisoning is lessened because the last application of pesticides normally occurs several weeks before harvest,\[[@ref1][@ref3][@ref8]\] and because GTS is known to occur among workers on farms that do not use pesticides. Furthermore, the cases of GTS were documented before widespread pesticide use.\[[@ref1]\]

Symptoms of heat exhaustion have been ruled out in many cases of GTS. Although tobacco is typically harvested during hot weather, GTS symptoms have also appeared during cool conditions when harvester reported feeling chilled rather than overheated.\[[@ref3]\] Also, most of those stricken with GTS became ill after they had gone home for the day (median onset = 10 hours).

Diagnosis {#sec2-3}
---------

GTS is self-limiting and of short duration. Despite the relatively short duration of GTS, the illness can be debilitating during its onset and progression. Clinical diagnosis of GTS is based on both the presence of symptoms described above and a history of harvesting tobacco. The diagnosis of GTS may be made by testing the blood or urine for nicotine (half-life = 3--4 hours) or cotinine \[a nicotine metabolite (half-life = 36 hours) that can also be detected in saliva\].\[[@ref9]\] Although the level of cotinine has been used to distinguish between tobacco users and nonusers,\[[@ref7][@ref14][@ref15]\] the level cannot be used to distinguish between heavy tobacco users and persons with GTS because nicotine/cotinine concentrations that represent toxic levels have not been established.\[[@ref9]\]

Epidemiological data {#sec2-4}
--------------------

Internationally, the effects and prevalence of GTS are not well known. GTS has been described in tobacco farm workers in several regions in the USA, Japan, India,\[[@ref14][@ref15]\] Poland,\[[@ref16]\] and more recently in Brazil. The first medical report of GTS was published in 1970 based on cases in Florida.\[[@ref1]\] Reports of GTS have since been published describing its occurrence in North Carolina among white farmers \[[@ref3][@ref11]\] and Latino farm workers,\[[@ref17]\] as well as in Kentucky,\[[@ref9][@ref18][@ref19]\] India,\[[@ref7][@ref14][@ref15][@ref20]\] and Japan.\[[@ref21]\] Data on GTS incidence or prevalence are limited. Gehlbach *et al*.\[[@ref11]\] reported the earliest estimate of GTS prevalence, stating that "during the 1973 harvesting season, an estimated 9% of North Carolina\'s 60,000 tobacco growers reported illness among their workers." CDC \[[@ref22]\] reported that the crude 2-month incidence rate for hospital treated GTS in Kentucky during 1992 was 10 per 1000 workers. Quandt *et al*.\[[@ref17]\] found 41% of 144 Latino migrant and seasonal farm workers interviewed at the end of the 1998 season in North Carolina reported having GTS at least once during that season. In an epidemiological study in Brazil in a population of 2469, the prevalence of GTS among males was 6.6% and among females 11.9%.\[[@ref23]\] The few existing studies show great variability in GTS prevalence of between 8.2 and 47% during the tobacco-growing season. High prevalence variability may be related to methodological differences in the studies or differences in the work process.

India is the third country to have reported GTS among tobacco harvesters. Cross-sectional studies were carried out to assess the prevalence of GTS among tobacco harvesters in four villages of Gujarat, where tobacco is cultivated mainly for making beedis, chewing tobacco and snuff, as well as in a research farm of the Central Tobacco Research Institute (CTRI) at Andhra Pradesh, where mainly cigarette tobacco is grown. The overall prevalence of GTS was higher (86.2%) among beedi tobacco cultivators compared to cigarette tobacco cultivators (60.6%), and in chewing and snuff tobacco cultivators (47.0%). Among men, the proportion of workers with GTS was higher in the chewing and snuff tobacco-growing areas of Anand, Gujarat than in the cigarette tobacco-growing area of Andhra Pradesh. No symptoms were reported among the control group.\[[@ref24][@ref25]\]

The studies carried out by the National Institute of Occupational Health (NIOH) in CTRI farms in Andhra Pradesh reveal discoloration of the skin for workers coming into contact with tobacco leaves. Even the storage of tobacco in houses was found to lead to higher incidences of nausea, headache, and dizziness. (For example, many women lose the taste for food, and the smell and bitterness of tobacco is passed on to the food that is prepared in the houses where tobacco is stored.) Likewise, the dust generated during the processing of tobacco was found to result in allergies among the workers.\[[@ref25]\]

The magnitude of GTS has not been assessed in sufficient detail and most published research on GTS is descriptive studies. Treatment is also discussed rarely. As the tobacco industry expands production capabilities to the developing world, greater numbers of workers will be exposed to GTS and thus international studies of GTS are badly needed.

Cost {#sec2-5}
----

As reported by Boylan, a quarter of those stricken with GTS who sought medical treatment required hospitalization, and significant hospital expenditures are associated with the condition.

GTS-induced hospital expenses are estimated to average US\$250 for outpatient treatment, \$566 for hospital admission, and \$2041 for intensive care treatment.\[[@ref26]\] However, no such estimate has been reported in India.

How to prevent green tobacco sickness {#sec2-6}
-------------------------------------

Employers should provide workers with information and training about nicotine hazards, GTS prevention, and appropriate personal protective equipment (PPE) before letting the workers handle tobacco leaves.

Train workers to recognize GTS signs and symptoms and to alert supervisors if they develop symptoms or notice any other workers exhibiting symptomsTrain supervisors to ensure that any worker with GTS symptoms immediately drinks water and rests in the shade, in addition to receiving medical attention if necessaryEmployers should encourage workers to share it with healthcare providers to avoid misdiagnosis if symptoms occur. Nicotine poisoning, heat-related illnesses, and pesticide poisoning share similar symptoms. When seeking medical care, it is important to give doctors and other medical staff complete information about the patients\' job activities and the crops they work with, so that patients receive the correct treatmentThe employer must train each worker on how to use PPE. Training should include information about how clothing can be used as PPE and how some clothing may no longer provide adequate protection if it becomes wet. Gloves, long sleeve shirts, long pants, and water-resistant clothing are recommended to prevent exposure to nicotine from tobacco leaves. Employers should train workers on how to care for and clean their clothing to ensure that it protects them from nicotine exposures. Employers are required to provide laundry facilities if workers are housed at a temporary labor camp \[[@ref27]\]*Gloves* will protect workers handling tobacco leaves from nicotine absorption through their hands. If gloves are wet, they become less protective*Long sleeve shirts and pants* protect workers from nicotine absorption if tobacco leaves come into contact with their arms or legs. However, once the clothing becomes wet with rainwater, dew, or sweat, it no longer provides adequate protection and may increase absorption risk. Employers should ensure that worker-owned clothing, used to protect against nicotine exposure through tobacco leaves, is dry. For example, employers should allow workers to change out of wet clothing and into dry clothing, as needed, throughout the workday*Water-resistant clothing* (e.g., rain suits) keeps dew or rain, which had contact with tobacco leaves, from contact with skin and clothing to protect workers from exposure to nicotine contained in the water. Water-resistant clothing is considered defective or damaged when dew or rain containing nicotine is able to reach the skin through tears or openings and should not be used. If working in the heat with water-resistant clothing, employers must provide additional opportunities for water, rest, and shade due to increased heat illness riskWashing with soap and water immediately after working is recommended to reduce exposure to nicotine. Washing can reduce the amount of nicotine that is on skin by 96%. Employers must provide handwashing facilities to workers and, if housed in a temporary labor camp, showering facilities in that camp.\[[@ref28]\]

C[ONCLUSION]{.smallcaps} {#sec1-2}
========================

Tobacco harvesters can be exposed over large portions of their body despite wearing work clothing due to substantial contact with tobacco that may be wet with dew. Contact with wet tobacco and wearing work clothes that have become wet from dew or perspiration may increase exposure and absorption of nicotine through the skin. GTS can be avoided with the proper precaution. So, one must know that the crop they are working with can cause them harm. It is suggested that croppers should avoid harvesting in the rain or should begin harvesting after the dew evaporates. Public awareness campaign on GTS at the national and international level should to be taken up regarding workers health regulations. A strong regulatory effort must be undertaken to address the potential hazards of GTS.
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